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In the title compound, (C 6 H 10 N 2 )[Co(C 7 H 3 NO 4 ) 2 ]-5H 2 O, the 
Co 11 ion is six-coordinated in an N 2 0 4 environment by two 
pyridine -2,6-dicarboxylate (pydc) ligands, having a distorted 
octahedral geometry. The crystal packing is stabilized by 
intermolecular N— H- ■ O, O— H- ■ O and weak C— H- ■ O 
hydrogen bonds. There are also tt-ji interactions between the 
pyridine rings of the pydc ligands and between the pydc 
ligands and the benzene-l,3-diammonium cations, with 
centroid-centroid distances of 3.4575 (15) and 3.7521 (15) A. 

Related literature 

For general background to proton-transfer compounds, see: 
Aghabozorg et al. (2008). For related structures, see: Beatty et 
al. (2002); Dobrzycki & Wozniak (2008); Imaz et al. (2007); 
Pasdar et al. (2010, 2011a,Z>). 



Experimental 

Crystal data 

(C 6 H 1 oN 2 )[Co(C 7 H 3 N0 4 )2]-5H 2 0 

M r = 589.38 

Monoclinic, P2Jn 

a = 7.5236 (2) A 

b = 18.0200 (7) A 

c = 18.7122 (6) A 

/3 = 100.883 (2)° 

Data collection 

Stoe IPDS-2 diffractometer 
19874 measured reflections 
6702 independent reflections 

Refinement 

R[F 2 > 2a(F 2 )] = 0.055 

wR(F 2 ) = 0.113 

S = 1.21 

6702 reflections 

407 parameters 

2 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



V= 2491.29 (14) A J 
Z = 4 

Mo Ka radiation 
/x = 0.76 mm~' 
T = 298 K 

0.50 x 0.15 x 0.10 mm 



5366 reflections with / > 2cr(/) 
R<„, = 0.064 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.34 e A~ 3 

Ap mi „ = -0.32 e A~ 3 



D-H-A 




D — H 


H- ■ A 


D- ■ A 


D-H-A 


C10-H10- ■ 


■03' 


0.93 


2.57 


3.311 (3) 


136 


C18-H18- ■ 


■08" 


0.93 


2.47 


3.099 (3) 


125 


09-H9A- ■ 


03 


0.86 (4) 


1.97 (4) 


2.789 (3) 


160 (3) 


09-H9S- ■ 


O10 


0.76 (3) 


2.07 (3) 


2.833 (4) 


176 (4) 


O10-H10A 


• •Off 


0.81 (6) 


2.10 (6) 


2.913 (4) 


173 (5) 


O10-H10B 


■ on 


0.80 (5) 


1.97 (5) 


2.764 (5) 


170 (5) 


011-H1L4 


■08 


0.97 (5) 


1.84 (5) 


2.746 (4) 


153 (4) 


Oll-HllB 


■ 013"' 


0.86 (5) 


2.08 (5) 


2.907 (4) 


161 (5) 


012-H12/1 


■O10 


0.93 (7) 


2.03 (7) 


2.946 (5) 


171 (5) 


012-H12B 


■ 02™ 


0.73 (5) 


2.09 (5) 


2.786 (4) 


161 (5) 


013-H13^1 


■012 


0.86 (3) 


1.95 (3) 


2.805 (4) 


176 (5) 


013-H13B 


■ 05 v 


0.78 (5) 


2.13 (5) 


2.873 (3) 


161 (5) 


N3-H3A-- 


04 m 


0.87 (4) 


1.93 (4) 


2.791 (3) 


169 (3) 


N3-H3B-- 


07 


0.96 (4) 


1.78 (4) 


2.714 (3) 


163 (3) 


N3-H3C-- 


013 iu 


0.98 (4) 


2.04 (4) 


2.890 (4) 


144 (3) 


N3-H3C-- 


09 ui 


0.98 (4) 


2.29 (4) 


2.899 (3) 


120 (3) 


N4-H4A- ■ 


09 


0.89 (4) 


1.97 (4) 


2.844 (3) 


168 (4) 


N4-H4B- ■ 


02 lv 


0.90 (4) 


1.87 (4) 


2.752 (3) 


166 (3) 


N4-H4C- ■ 


Oft 1 


0.88 (4) 


2.00 (4) 


2.873 (3) 


175 (3) 


Symmetry codes: (i) — x + 


l,-y + 2,-z 


+ 1; (ii) x-i, 


-y +|, z - 1; (iii) x 


-F 1, y, z; (iv) 


-x+i,y-i 


-« + . (v) 


-x+iy-*- 


-z + 1. 








Data collection: X-AREA (Stoe & Cie, 2005); cell refinement: X- 
AREA; data reduction: X-AREA; program(s) used to solve structure: 
SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 
(Farrugia, 1997); software used to prepare material for publication: 
WinGX (Farrugia, 1999). 

The authors are grateful to Islamic Azad University, North 
Branch, for financial support of this work. 
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Benzene-l,3-diammonium bis(pyridine-2,6-dicarboxylato-A: O JV,0 )cobaltate(II) pentahydrate 
H. Pasdar, S. Sadat Kashani, R. Ghiasi, H. Aghabozorg and B. Notash 



Our group used pyridine-2,6-dicarboxylic acid (pydcH2) in several proton-transfer systems (Aghabozorg et al. , 2008 ; Pasdar 
et al, 2010, 201 la, ft). Benzene- 1,3 -diamine (bda) has ability to act as a proton acceptor in proton-transfer compounds. The 
formation of mono- (Beatty et al, 2002) and diprotonated benzene-l,3-diamine (Dobrzycki & Wozniak, 2008; Imaz et al, 
2007) has been observed previously. 

Herein, we report the synthesis and crystal structure of the title compound (Fig. 1). The Co 11 ion in the complex anion is 
six-coordinated by two tridentate pydc ligands in a distorted octahedral geometry. We have recently reported the synthesis 
and crystal structure of a nickle(II) analogue, (bdaH2)[Ni(pydc)2].5H20 (Pasdar et al, 201 lb). The nickle(II) and cobalt(II) 
complexes are isostructural. Crystal packing of the title compound is stabilized by intermolecular N — H— O, O — H-0 and 
weak C — H - 0 hydrogen bonds (Fig. 2, Table 1). There are also ji-ji interactions between the pyridine rings of the pydc 
ligands and between the pyridine ring of the pydc ligand and the benzene ring of the benzene- 1, 3 -diammonium cation, with 
centroid-centroid distances of 3.4575 (15) and 3.7521 (15) A. 



A solution of pydcH2 (162 mg, 0.9 mmol) in 17 ml water was added to a solution of bda (108 mg, 0.6 mmol) in 11 ml water 
with stirring for an hour, and then a solution of C0CI2.6H2O (118 mg, 0.6 mmol) in 5 ml water was added. The resulting 
solution was stirred for 2 h and dark pink crystals of the title compound suitable for X-ray analysis were obtained after 
one week (m.p. 260°C). 



H atoms of water molecules and N — H groups of (bdaH2) cation were found in a difference Fourier map and refined 
isotropically. H9B and H13A were refined with distance restraints of O — H = 0.76 (3) and 0.86 (3) A. H atoms of the 
aromatic rings were positioned geometrically and refined as riding atoms, with C — H = 0.93 A and (7j S0 (H) = 1.2C/ eq (C). 



Comment 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of the title compound, with displacement ellipsoids drawn at 
the 30% probability level. 
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Fig. 2. The packing diagram of the title compound, viewed down the a axis. Intermolecular 
N — FF-O, O — H-0 and weak C — H-0 hydrogen bonds are shown as blue dashed lines. 



Fig. 3. The packing diagram of the title compound, showing intermolecular jt-jt interactions 
(dashed lines) between the pyridine rings of the pydc ligands [centroid-centroid distance = 

3.4575 (15) A] and between the benzene rings of the (bdaFTz) + cations and the pyridine rings 



of the pydc ligands [centroid-centroid distance 
omitted for clarity. 



3.7521 (15) A]. Water molecules have been 



Benzene-1,3-diammonium bis(pyridine-2,6-dicarboxylato- k O ,N r O )cobaltate(ll) pentahydrate 



Crystal data 

(C 6 H i 0 N 2 )[Co(C 7 H 3 NO4)2] -5H 2 0 

M r = 589.38 

Monoclinic, P2\ln 

Hall symbol: -P 2yn 

a = 7.5236 (2) A 

b= 18.0200 (7) A 

c= 18.7122 (6) A 

(3= 100.883 (2)° 

V= 2491.29 (14) A 3 
Z=4 



F{0Q0) = 1220 

D % = 1.571 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6702 reflections 

6 = 2.2-29.2° 

|i = 0.76 mm 1 
T=298K 
Needle, dark pink 
0.50x0.15x0.10 mm 



Data collection 



Stoe IPDS-2 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

19874 measured reflections 
6702 independent reflections 



5366 reflections with / > 2o(I) 
R int = 0.064 



9 max = 29.2V 
A = -10-»9 
k = -23->24 
/ = -25-*25 



= 7 7° 
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Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F D 2 ) + (0.03 IP) 2 + 1.7282P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.007 

Ap m ax = 0.34 e A~ 3 
Ap m i„ = -0.32 e A~ 3 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


IT- *ITJ 
u iso ' u eq 


Col 


0.64449 (5) 


0.982592 (19) 


0.312577(16) 


0.02479 (9) 


Ol 


0.8779 (3) 


1.03503 (13) 


0.28454 (10) 


0.0426 (5) 


02 


1.0026 (3) 


1.06589 (13) 


0.19026 (12) 


0.0481 (6) 


03 


0.4033 (3) 


0.91494 (11) 


0.28828 (9) 


0.0341 (4) 


04 


0.2123 (3) 


0.86302 (14) 


0.19579 (11) 


0.0471 (5) 


05 


0.4980 (3) 


1.08443 (11) 


0.31941 (10) 


0.0355 (4) 


06 


0.4177 (3) 


1.16437 (10) 


0.39852 (11) 


0.0348 (4) 


07 


0.8000 (3) 


0.88934 (11) 


0.35988 (9) 


0.0367 (4) 


08 


0.9307 (3) 


0.83948 (12) 


0.46576 (11) 


0.0448 (5) 


09 


0.3372 (3) 


0.77720 (13) 


0.34605 (11) 


0.0393 (5) 


O10 


0.5258 (5) 


0.72787 (18) 


0.48332 (16) 


0.0614 (7) 


Oil 


0.8434 (5) 


0.69320 (18) 


0.43693 (16) 


0.0659 (7) 


012 


0.3223 (4) 


0.5943 (2) 


0.42544(17) 


0.0670 (8) 


013 


0.0351 (4) 


0.65086 (15) 


0.32207 (15) 


0.0519 (6) 


Nl 


0.6128 (3) 


0.96490(11) 


0.20453 (10) 


0.0251 (4) 


N2 


0.6870 (3) 


1.00350 (10) 


0.42057 (10) 


0.0220 (4) 


N3 


0.9659 (3) 


0.80230 (14) 


0.27389 (12) 


0.0292 (4) 


N4 


0.3688 (3) 


0.68621 (13) 


0.22490 (13) 


0.0282 (4) 


CI 


0.7387 (4) 


0.99011 (14) 


0.16927 (13) 


0.0288 (5) 


C2 


0.7267 (4) 


0.97588 (17) 


0.09568 (14) 


0.0392 (6) 


H2 


0.8153 


0.9927 


0.0711 


0.047* 


C3 


0.5791 (4) 


0.93595 (17) 


0.05974 (14) 


0.0404 (7) 


H3 


0.5683 


0.9257 


0.0104 


0.048* 


C4 


0.4476 (4) 


0.91124(16) 


0.09695 (13) 


0.0356 (6) 


H4 


0.3470 


0.8851 


0.0731 


0.043* 


C5 


0.4702 (3) 


0.92658 (14) 


0.17044 (12) 


0.0261 (5) 


C6 


0.8870 (4) 


1.03362 (15) 


0.21823 (14) 


0.0327 (5) 


C7 


0.3483 (3) 


0.89943 (14) 


0.22113 (13) 


0.0290 (5) 


C8 


0.6188 (3) 


1.06555 (13) 


0.44373 (12) 


0.0242 (4) 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.055 

wR(F 2 ) = 0.113 

S= 1.21 

6702 reflections 
407 parameters 
2 restraints 
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Atomic displacement parameters (A 2 ) 





U n 


U 22 


C/ 33 


U 12 


t/ 13 


U 2i 


Col 


0.02959 (17) 


0.02648 (16) 


0.01790 (13) 


-0.00151 (14) 


0.00348 (11) 


-0.00162 (12) 


Ol 


0.0403 (11) 


0.0565 (14) 


0.0311 (9) 


-0.0213 (10) 


0.0069 (8) 


-0.0076 (9) 


02 


0.0504 (13) 


0.0507 (13) 


0.0487 (12) 


-0.0263 (11) 


0.0232 (10) 


-0.0087 (10) 


03 


0.0383 (10) 


0.0402 (10) 


0.0258 (8) 


-0.0118 (8) 


0.0109 (7) 


-0.0033 (7) 


04 


0.0383 (11) 


0.0640 (15) 


0.0388 (10) 


-0.0237 (10) 


0.0065 (9) 


-0.0065 (10) 


05 


0.0451 (11) 


0.0319(10) 


0.0269 (8) 


0.0085 (8) 


0.0001 (8) 


0.0007 (7) 


06 


0.0304 (10) 


0.0303 (10) 


0.0425 (10) 


0.0070 (8) 


0.0039 (8) 


-0.0020 (8) 


07 


0.0486 (12) 


0.0358 (10) 


0.0244 (8) 


0.0155 (9) 


0.0036 (8) 


-0.0048 (7) 


08 


0.0575 (14) 


0.0389 (11) 


0.0366 (10) 


0.0198 (10) 


0.0052 (9) 


0.0045 (9) 



sup-4 



supplementary materials 



<jy 


0.0457 


(12) 


A A17A fl 0\ 

U.U.3 /U (12) 


A AIIO 

U.U33o 


(10) 


A AA^I 

— u.uuj3 (y) 


A AAI^ (Ci\ 

u.uu^j (y ) 


A AAAO 

— u.uuuo (y) 


ai a 

<J1U 


0.0624 


(19) 


A A£A7 (\ A\ 

u.uoy / (iy) 


A A/1 CiA 

U.U4y4 


(14) 


u.uuoy (i j) 


A AA1 z n 1\ 

U.UUJj (13) 


A A 1 A/1 ( 1 1\ 

— U.U1U4 (13) 


<J1 1 


0.082 (2) 


a n^^^ /'i 7\ 
U.Ujoo (1 /) 


A A£ 1 7 

U.Uol / 


(17) 


A AA^O (\ ^\ 
U.UU52 (1 J) 


A AOA^ (\ Z.\ 

U.U2UD (1j) 


A AA/^1 ( 1 A \ 

— U.UUoi (14) 


^\^ o 


0.0659 


C191 


A AO/1 /")\ 

U.Uo4 (2) 


A A^7Q 

u.uj /y 


(10) 


A AA/1Q (\ 1\ 

u.uu4y (i /) 


A AOQ£ (\ ^\ 

u.U2yo (i j) 


A AAO^ (\ ^\ 
U.UU2D (1 J) 


U1J 


0.0587 


(161 


A A/1 6.A (\ A \ 

U.U404 (14) 


A A/1 01 

U.U4o3 


(13) 


A AA I ^ (\ 1 \ 

U.UU 1 j (11) 


A AA/17 i'\ 0\ 

U.UU4 / (12) 


AAIO/1 

— U.U124 (11) 


IN l 


0.0312 


nil 


U.U23 J (1U) 


A AOA£ 
U.UZUo 




A AA17 f<2\ 

U.UU .3 / (o) 


A AA^/1 (1\ 

U.UUD4 ( /) 


A AA 1 A ^7^ 
U.UU1U ( /) 


MO 

IN 2 


0.0222 


191 


A A017 (\ C\\ 

U.U23 / (1U) 


A AOA1 

U.U2U3 


(Q\ 


A AAA7 ^7^ 
U.UUU / ( /) 


A AA/1^ ^7^ 

U.UU4J ( /) 


A AA 1 0 (1\ 

U.UU12 ( /) 


Ml 

IN 3 


0.0210 


(101 


A A1 /^O /I r \\ 

U.U302 (12) 


A A1A1 

U.U3U1 


(1U) 


A AAOQ fQ\ 

u.uu2y (y) 


A AAI^ (Si\ 
U.UU30 (o ) 


A AAO/1 (Qi\ 

u.uuo4 (y) 


M/1 

JN4 


0.0239 


noi 


A A071 /"| 1 \ 

U.U2 /J (11) 


A All 1 

U.U331 


I 11 ) 


A AA 1 ^ fQ\ 

— U.UUIj (o) 


A AA/1 0 (Ck\ 

U.UU45 (y ) 


A AAAO (Qi\ 

— u.uuuo (y) 


CI 


0.0346 


(ni 


A (11 (L 1 /I 0"\ 

U.U201 (12) 


A A171 
U.UZ / 1 


(U) 


A AA/1 C (\ C\\ 
U.UU4o (1U) 


A AAQ1 (Q\ 

u.uuyj (y ) 


A AAA 1 

u.uuu i (y) 


C2 


0.0521 


(171 


A A/1A/I /I C\ 

U.U4U4 (l->) 


A C\1QA 

u.uzy4 


n o~\ 
(12) 


A AAQ^ (\ X\ 

u.uuyo (13) 


A A 1 0/1 (\ 1 "\ 
U.Ulo4 ( 1 1) 


A AA 11 (\\\ 
U.UU1 1(11) 


Co 


0.0572 


(191 


A f\A TC /^l £.\ 

U.U42j (lo) 


U.UZZ4 


(ii) 


A AAOI ( 1 1\ 

— U.UUoJ (13) 


A AAAA ( 1 1 \ 

u.uuyy (ii) 


A AA/1 O /1 1 

— U.UU42 (11) 


C4 


0.0434 


(151 
I 1 •>) 


a Ai/^7 /'i /i\ 
U.U30 / (14) 


A AT/17 

U.UZ4 / 


I 11 ) 


A aaoi m\ 
— U.UUo3 (12) 


A AAAA ( 1 C\\ 

u.uuuy (iu) 


A AA/i O ( 1 A\ 

— U.UUoo (1U) 


Cj 


0.0276 




A (11 /C 1 /I 1\ 

U.UZol (12) 


A AO/11 

U.UZ4Z 


(10) 


A AAOO 

U.UU22 (y) 


A AAI^ 

u.uuyo (y ) 


A AAA 1 

u.uuu i (y) 


Co 


0.0352 


(i3i 


A A1AO /I 1\ 

U.U3UZ (13) 


A A1/1^ 
U.U340 


(\ 0~\ 

(12) 


A AAO 1 (\f\\ 

U.UUol (1U) 


A A 1 1 C (\ C\\ 
U.U1 lo (1U) 


A AA1/1 (\ C\\ 
U.UU34 (1U) 


C/ 


0.0279 


121 


A AI 1 1 /"I 1\ 

U.U3 11 (13) 


A A701 

U.UZoZ 


(ii) 


A AA/1 O ( 1 A\ 

— U.UU4o (1U) 


A AA^O (Ci\ 

u.uujo (y ) 


A AA 1 A ( 1 A\ 

— U.UU14 (1U) 


r^o 


0.0227 


fill 


a ao /i 1 /1 1 \ 
U.U241 (1 1 J 


A AO/^1 

U.UZ03 


^1 AA 

(10) 


A AA 1 A fQ\ 

— U.UU14 (o) 


A AA^£ (Q\ 

U.UU jo (o ) 


A AAOI (Ci\ 

— U.UU23 (y) 


cy 


0.0322 


(131 


A A1A/1 /'I 0\ 

U.U3U4 (12) 


A AOO^ 

U.UZoj 




A AA 1 A (\ C\\ 

— U.UU1U (1U) 


A AA77 ( 1 C\\ 
U.UU / / (1U) 


A A 1 AO ( 1 A\ 

— U.U1U2 (1U) 


1 A 

C1U 


0.0337 


(131 


A A10/I (\ A\ 

U.U3o4 (14) 


A AOA/1 

U.UZU4 


^1 A^ 
(10) 


A AA/1 A (\ C\\ 
U.UU44 (1U) 


A AA/l/l (Qi\ 

U.UU44 (y ) 


A AA7Q (Qi\ 

u.uu /y (y) 


CI 1 


0.0249 


nil 


A A11^ (\ 1\ 
U.U33 J (13) 


A AO 1 1 
U.UZ 1Z 


(1U) 


A AA 1 O 
U.UU12 (y) 


A AA1£ (Si\ 
U.UU30 (o ) 


A AAOO 

U.UU22 (y ) 


C12 


0 070S 


HOI 


A A07 1 1 1 \ 
U.UZ / I (11) 


A AO 1 1 

U.UZ13 


(1U) 


A AAAA (Si\ 
U.UUUU (o ) 


A AA^I (Si\ 
U.UUjj (o ) 


A AAAO (Si\ 
U.UUU2 (5 ) 


^1 1 
C13 


0.0223 


(11) 


A AO/IQ /1 1 ^ 

u.uz4y (i i ) 


A A1A7 
U.U3U / 


(U) 


A AAO/1 (Qi\ 

U.UU24 (y) 


A AAI^ (Qi\ 

u.uuyo (y ) 


A AAA1 (Qi\ 

u.uuuj (y) 


C14 


0.0277 


(12) 


A AOO/1 /'I 0\ 

U.U2&4 (12) 


A AO££ 
U.UZOO 


(ii) 


A AAOI (Qi\ 

U.UU23 (y) 


A AA/11 (Qi\ 

U.UU43 (y) 


A AAAO (Qi\ 

u.uuus (y ) 


C15 


0.0194 


(10) 


A f\"\/L 1 /1 1 \ 

U.UZol (11) 


U.UZOi 


{ 1 A\ 

(10) 


A AA 1 O /A\ 

u.uu i o (y) 


A AAT> /0^ 

U.UU22 (8) 


A AACO (C\\ 

-0.0058 (9) 


C16 


0.0287 


(12) 


0.0345 (13) 


0.0295 


(12) 


-0.0015 (10) 


0.0094(10) 


-0.0021 (10) 


C17 


0.0377 


(15) 


0.0482(16) 


0.0219 


(11) 


-0.0040(12) 


0.0060 (10) 


-0.0036 (11) 


C18 


0.0298 


(13) 


0.0331 (13) 


0.0284 


(11) 


-0.0040(10) 


-0.0004 (9) 


-0.0074(10) 


C19 


0.0200 


(11) 


0.0238 (11) 


0.0312 


(11) 


0.0007 (9) 


0.0044 (9) 


-0.0027 (9) 


C20 


0.0252 


(12) 


0.0310(12) 


0.0235 


(10) 


-0.0004 (9) 


0.0042 (9) 


-0.0035 (9) 



Geometric parameters (A, °) 



Col— Nl 


2.0160(19) 


N4— C19 


1.461 (3) 


Col— N2 


2.0209 (18) 


N4— H4A 


0.89 (4) 


Col— 07 


2.1414 (19) 


N4— H4B 


0.90 (4) 


Col— Ol 


2.145 (2) 


N4— H4C 


0.88 (4) 


Col— 05 


2.1570 (19) 


CI— C2 


1.387 (3) 


Col— 03 


2.1621 (19) 


CI— C6 


1.521 (4) 


Ol— C6 


1.256 (3) 


C2— C3 


1.386 (4) 


02— C6 


1.241 (3) 


C2— H2 


0.9300 


03— C7 


1.277 (3) 


C3— C4 


1.387 (4) 


04— C7 


1.233 (3) 


C3— H3 


0.9300 


05— CI 3 


1.268 (3) 


C4— C5 


1.381 (3) 


06— C13 


1.242 (3) 


C4— H4 


0.9300 


07— C14 


1.277 (3) 


C5— C7 


1.519 (3) 


08— C14 


1.228 (3) 


C8— C9 


1.386 (3) 


09— H9A 


0.86 (4) 


C8— CI 3 


1.518 (3) 


09— H9B 


0.76 (3) 


C9— C10 


1.390 (4) 


O10— H10A 


0.81 (6) 


C9— H9 


0.9300 



sup-5 



supplementary materials 



pi i p, i i 1 r\j-\ 

OIU — HlUB 


A OA /C\ 

U.oU p) 


f\ 1 1 I I 1 1 A 

Oil — HI 1A 


A A*7 /C\ 

U.y / p) 


Al 1 III in 

Oil — rll IB 


a q/z /c\ 

U.OO {D) 


<J 1 2 — H 1 2 A 


U.y3 {/) 


012 — 111213 


a ni (z\ 
U. 15 {?) 


ni l un a 
<J13 — H13A 


U.oO p J 


<J13 — rll 3r> 


U. /o pj 


IN 1 — CJ 


1.332 p J 


IN 1 — CI 


1.333 (3) 


IN Z V 1 Z 


1 .jZo ^ J J 


N2 — C8 


1.336 (3) 


N3 — C15 


1.462 (3) 


N3 — H3A 


0.87 (4) 


N3 — H3B 


0.96 (4) 


N3 — H3C 


0.98 (4) 


XT1 p n 1 XT') 

JN 1 — COl — JNZ 


1 "7"7 1 C (Q\ 

1 / /.lb (5) 


JN 1 — Col — U / 


1 c\a m /"o\ 
1U4.U3 (/) 


MO f^l fx*7 

JN Z — CO 1 — U / 


it. oi fn\ 
lb. 15 ( /) 


xn p„i p.1 
JN 1 — Col — Ul 


0£ 01 /Q\ 
/O.Sl (5) 


\n p 1 pn 
JN 2 — CO 1 — U 1 


1 nn 1 "7 ZO\ 
1UU.3 / ( 1) 


O/O P 1 p.1 

(J/ — Col — Ul 


no 1 o (c\\ 
V2.15 (y) 


\r1 P ., 1 P.C 

JN 1 — Col — U5 


1 m oo 
1U3.23 (6) 


mo r n i i~ic 
JNZ — COl — CO 


-7/r /rn /ON 


p.o P~1 p.c 
U 1 — Col — Co 


1 co on /o\ 
152. /U ( /) 


p.1 P~1 p.c 
Ul — Col — CO 


nr oo 
VS. 22 (y) 


\ri p„i pii 
JN 1 — Col — U3 


o/; o/; /o\ 
/0.3o ( /) 


XT'! P~1 P.1 

JNZ — Col — CO 


1 C\£. A O f~J\ 

lUo.46 ( /) 


p.o P~1 p.o 
(_)/ — Col — U3 


ha no /o\ 
yU.y2 (6) 


Ul — Col — Uj 


1 CO oi /^o\ 
132.y3 (/) 


p.c P~1 r\i 
U5 — Col — U3 


y4.25 (5) 


p/r P,1 p.,1 

Co — U 1 — Co 1 


I 1 C (\ H\ 

I I J. 04 (11) 


po r\i P~1 
C/ — U3 — Col 


1 1 c /;o /1 /:\ 
115.0/ (10) 


n i p,c p~ 1 
CI 3 — U5 — Col 


1 1 c o/; /1 /:\ 
115. /o (10) 


p 1 ;i p.o p~ 1 
C 1 4 — U / — CO 1 


11/; ^i o /1 /;\ 
110.43 (10) 


UO A p.n U(1D 

HVA — UV — Hyis 


111 {A \ 

111 (4) 


TJ 1 n A Alft Til nr> 

H1UA — U1U — HlUB 


lUo (j) 


TJ1I 1 /"ill TJ 1 1 13 

HI 1 A — Ul 1 — HI IB 


1UZ (4) 


H1ZA — U1Z — HIZrS 


1U4 p J 


H 1 3 A — U 1 3 — H 1 3rs 


1UU (j) 


pc mi p 1 
C5 — JN 1 — CI 


lZl.D (Z) 


pc xn p„i 
C5 — JN 1 — Col 


iiy.oz (lo) 


P1 \ii p n i 
CI — JN 1 — COl 


1 1 Q O (\ £\ 

1 lo.oz (loj 


C1Z — JNZ — Co 


111 0*7/1 n\ 
lzl.5 / (IV) 


CI 2 — JN2 — Col 


liy.28 (15) 


C8— N2— Col 


118.84(15) 


CI 5 — N3 — H3A 


111 (2) 


CI 5 — N3 — H3B 


111 (2) 


H3A— N3— H3B 


105 (3) 


CI 5 — N3 — H3C 


112(2) 



pin pi i 

C1U — CI 1 


1 1 OA (A \ 

1.3oy (4) 


pi a u 1 n 
C1U — H1U 


A A1AA 

u.y3uu 


pi i pii 
CI 1 — Clz 


1 1C\1 S1\ 

1.3V3 (3) 


pi 1 mi 

CI 1 — Hll 


A A1AA 

u.y3uu 


pn p i a 
Clz — C14 


1 C 1 1 /"3\ 
l.jll (3) 


PK p 1 r 

C 1 j — C 1 o 


1 1 O 1 (1 \ 

l.Jol (3) 


p i c pop, 

CI D — CzU 


1 .3oz p J 


p 1 z pn 
C 1 0 — C 1 / 


1.3oo (4) 


PU TJU 

C 1 0 — H 1 o 


A AQAA 
U.V3UU 


CM C\ R 

1 / V 1 o 


i .jo j y-\ f 


C17 — H17 


0.9300 


C18 — C19 


1.374 (3) 


C18 — H18 


0.9300 


C19 — C20 


1.386 (3) 


C20 — H20 


0.9300 


PC P A PI 

CD — C4 — C3 


1 1 O A 

llo.U (Z) 


PC P /] I I . 1 

Cj — C4 — H4 


111 A 
121 .U 


pi p /i 1 1 /i 
CJ — C4 — H4 


111 A 
121 .U 


\T1 pc P/1 

IN 1 — Cj — C4 


111 1 /1\ 

lzl.1 {I) 


Ml PC P"7 

JN 1 — Cj — C / 


1111 /1\ 

113-z (z) 


p A PC P*7 

C4 — C J — C / 


1 1C C /1\ 

lzj.0 \l) 


m p /; ( \ i 

Uz — Co — 0 1 


1 1C C (1 \ 

Izj.j (3) 


m p/c pi 
Uz — Co — C 1 


lion p*\ 

llo. / (z) 


( \ i p/: p i 

Ol — Co — CI 


I 1 C O /1\ 

II J. 0 (z) 


r\A r^~i p.Q 

U4 — C / — Oj 


1 1C A /1\ 

Izj.v yl) 


C\A p-7 pc 

U4 — C / — C J 


1 1 Q 1 


P-Q p-7 PC 

Uj — C / — C J 


I 1 C A /1\ 

II J. U \l) 


XTO P O P Pi 

INZ — Co — CV 


1 1A 1 /1\ 

lzU.3 {I) 


"\ti po pn 
INz — Co — CI J 


11111 C\ A\ 

113.31 (ly) 


PPi PO P 1 1 

cy — Co — c 1 3 


1 1<c /I /1\ 

lzO.4 (Z) 


po pn pin 
Co — CV — C 1 u 


1 1 O *7 /1\ 

llo. / {I) 


po pn i m 

Co — cy — Hy 


1 1A £. 

IzU.O 


P1A PA TTA 

C10 — C9 — H9 


120.6 


pin pn 

Cll — C10 — C9 


1 1A 1 /1\ 

IzU.l (z) 


nil pin mn 

Cll — C1U — H1U 


1 1A A 
12U.U 


pn pin mn 
cy — C 1 U — H 1 U 


1 1A A 

IzU.U 


pin P11 pio 
C10 — Cll — C12 


mn /i\ 
11 /.y (z) 


pin P11 ni i 
C10 — Cll — Hll 


111 A 
121 .U 


PIO P11 ni i 

C12 — Cll — Hll 


111 A 
121 .U 


INTO PI 1 P 1 1 

JN2 — C12 — Cll 


111 1 /1\ 

121.1 {I) 


MO P 1 O P 1 A 

JN2 — C12 — C14 


111 /II C\ A\ 

113.42 (IV) 


P11 PIO PU 

Cll — C12 — C14 


1 1C C /1\ 

12 J. J (2) 


p./: p 1 1 p.c 
Uo — C13 — U5 


1 1C 1 /1\ 

12 j. 3 (2) 


p./; pn pn 

U6 — CI 3 — C8 


1 1 n i /i\ 

119.3 (2) 


05— CI 3— C8 


115.3 (2) 


08— CI 4— 07 


125.6 (2) 


08— C14— C12 


119.8 (2) 


07— C14— C12 


114.6 (2) 


CI 6— CI 5— C20 


122.1 (2) 



sup-6 



supplementary materials 



1 n * xn 1 n p 

hl3A — JN 3 — hl3C 


1 A*7 (1\ 

1U / (3) 


pi/: pi r XT1 

C 1 o — C 1 j — JN 3 


1 1 A O 0\ 

ny.o {I) 


HID Ml I I "J p 

hl3B — JN3 — hl3C 


1 1U (3) 


P^n pi c xn 
CzU — C 1 J — JN 3 


1 1 O 1 

11 0.1 (z) 


pin XT /I I I 1 A 

CIV — JN4 — hl4A 


11U (3) 


PK pi/: p i -7 

C 1 j — C 1 o — C 1 / 


1 1 O 1 /")\ 

11 0.3 (Z) 


pin XT A I 1 ,1 I) 

Cly — JN4 — hl4r> 


1 nn \ 
iuy (Z) 


PK p 1 / o 1 ^ 

C 1 j — C 1 o — hi 1 o 


1 1A O 

IzU.o 


I I A a XT/1 I I .1 T) 

hl4A — JN 4 — hl4 r> 


ia/i 

1U4 (3) 


p 1 -7 p|/ O 1 ^ 

C 1 / — C 1 o — hi 1 o 


1 TA O 

IzU.o 


pm XT A I I ,U " 

Cly — JN4 — hl4C 


1 1 A /I \ 
11U (2) 


p i o P1*7 p|/ 

C 1 o — C 1 / — C 1 o 


1 OA A /I \ 

izU.y (z) 


U /I A XT/1 1 1 1 z' • 

rl4A — JN 4 — ri4C 


112 (3) 


p i q p i n it i n 

Clo — CI / — rll / 


i iy.j 


I 1 ,1 T) XT /I I 1 ,1 / • 

hl4r> — JN 4 — hl4C 


111 

111 (3) 


/ • 1 / pn it 1 n 

Clo — CI / — hll / 


1 1 A Z 


XT 1 p 1 po 

JN 1 — CI — Cz 


1 in £ c-i\ 
IzU.o (Z) 


Pin pio p i -7 

ciy — cio — ci / 


1 1 A 1 /">\ 

1 ly.3 (z) 


XT1 p 1 P/Z 

JN 1 — CI — Co 


1 Iz.o yZ) 


pip, P1Q Till) 

c iy — c i o — hi i o 


1 TA /I 


PI pi p/r 

Cz — CI — Co 


1 1/: /: /">\ 

Izo.o (z) 


p 1 -7 PIO UIO 

C 1 / — C 1 0 — hi 1 0 


1 1A /I 

lzU.4 


CK CI c\ 


1 1 Q 1 f9"\ 


piQ pin C?0 


1714 


C3 — C2 — H2 


120.9 


C18 — C19 — N4 


120.3 (2) 


CI — C2 — H2 


120.9 


C20 — C19 — N4 


118.3 (2) 


C2 — C3 — C4 


120.4 (2) 


C15 — C20 — C19 


118.0 (2) 


C2 — C3 — H3 


119.8 


C15 — C20 — H20 


121.0 


C4 — C3 — H3 


119.8 


C19 — C20 — H20 


121.0 


\r1 P ., 1 p*i p/r 

JN 1 — Col — Ul — Co 


2.1 (2) 


Cj — C4 — C J — C / 


—1 Id. 5 (3) 


mo P~1 p.1 p/: 
JN2 — COl — Ul — CO 


—1 / /.0 (Z) 


COl — U 1 — Co — U2 


Y 15.1 (Z) 


f\H i ' ... \ p.1 p/; 
U / — Col — Ul — Co 


1 A/i A /I \ 

lUo.U (Z) 


COl — Ul — Co — CI 


-4.3 (3) 


r\z i ' ... \ p.1 p/; 
U5 — Col — Ul — Co 


1 AA 1 /">\ 

— 1UU.3 (Z) 


JN 1 — CI — Co — U2 


-1 /3.Z (3) 


r\~i p ., i p.1 p/; 
Uj — Col — Ul — Co 


A *7 /I \ 

9.7 (3) 


f^"t r^i r^z. 

C2 — C 1 — Co — U2 


O ( A \ 

o.o (4) 


\n p„i r\i p~7 
JN 1 — CO 1 — U J — C / 


-3. /O (IV) 


JN 1 — CI — Co — Ul 


C A //1\ 

5.0 (4) 


MO P .. 1 P.T P"7 

JN2 — Col — Uj — C/ 


1 n & i t /i o \ 
1 IO.il (lo) 


C2 — C 1 — Co — U 1 


\n A a n\ 
— 1 /4.y (3) 


p.o P~1 r\i po 
U / — CO 1 — U J — C / 


1 A*7 AO ( 1 A \ 

-1U /.vo 


r^^i r\i f^n r\A 
COl — Uj — C / — U4 


1 *70 C /">\ 

— 1 /O.D (Z) 


p.1 P~1 r\i po 
Ul — COl — Uj — C/ 


-11.4 (3) 


CO 1 — Uj — C / — C5 


4.3 (3) 


U J — CO 1 — U 5 — C / 


QQ ( 1 A\ 


M1 r^^ c^~i r\A 
JN 1 — Cj — C / — U4 


1 To n cx\ 
—1 ly. 1 (3 J 


\n p„i p,c P10 
JN 1 — COl — U5 — CI 5 


1 nn a a {>* o \ 
_ 1 / /.44 {lo) 


a r^c f^n r\A 
C4 C5 — C / — U4 


i //i\ 
-3.2 (4) 


JNZ — Col — Uj — CI J 


A 1 Z f \ Q\ 

— U.3j (loj 


Ml r^c r^n c\1 

JN 1 — C5 — C / — U J 


-2.3 (3) 


p.o P~1 p.c P10 
U/ — COl — U5 — CI i 


5.3 (3) 


a r^c f^n r\i 
C4 — C5 — C / — Uj 


1 /4.Z (3) 


Ul — Col — Uj — CI J 


QQ "7Q ( 1 Q\ 


C 1 1 — JN L — C5 — cy 


1 0 /1\ 

1.8 (3) 


Pii p i p,c 

Uj — COl — Uj — CI i 


mc C A /■ 1 A\ 

lUD.Dy (iy) 


/ ■, , | MT /^O l~*C\ 

COl — JN2 — Co — C9 


1 O 1 / 1 C 

—1 /o.ol (1c 


JN1 — Col — U/ — C14 


1 T7 1/^/1 A \ 

i / /.3o (iy) 


pn Ml po PIT 

C 1 2 — JN 2 — Co — C 1 J 


i o (n\ 
—1 /O.O (Z) 


\n p„i p,o pi /i 
JN2 — COl — U/ — C14 


A 1£ f\ A\ 

u.zo (iy) 


MO PO PIT 

COl — JN2 — Co — CI J 


4.6 (3) 


P.1 P ., 1 P.O P 1 A 

Ul — Col — U/ — C14 


1 AA /I /">\ 

1UU.4 (Z) 


mt po pn pin 
JN2 — Co — C9 — C1U 


A A ( A\ 

— u.y (4) 


p*c p i p*o p 1 ^i 
Uj — COl — U/ — C14 


-5.4 (3) 


pit po pn pin 
C 1 J — Co — C9 — C 1 U 


1 / / .0 (Z) 


r\i p i p,o p i a 
Uj — Co 1 — U / — C 1 4 


1 A£ C 
-lUO.D (Z) 


po pn pin pii 
Co — C9 — C 1 0 — C 1 1 


A 1 Z/IA 

-0.1 (4) 


p.o P~1 mi pc 
U/ — COl — JN1 — C5 


OA A1 /" 1 n\ 

&y.y3 (iy) 


pn pin pii pn 
C9 — CIO — Cll — C12 


A 1 //1\ 

0.1 (4) 


p.1 P~1 \ti p£ 
Ul — COl — JN 1 — C5 


1 *70 A 

1 /o.y (z) 


PO Ml PIT P1 1 

Co — JN 2 — C 1 2 — C 1 1 


i n fi\ 

-1.7 (3) 


P*C l ' ... \ Ml PC 

Uj — Col — JN 1 — Cj 


OO *70 / 1 A\ 

~oo. /o (iy) 


p ,, | MT P 1 "t PI 1 

COl — JN2 — C12 — Cll 


1 "7£ O/i ( 1 

1 /O.OO (1 /) 


r\i P~1 mi pc 
Uj — Col — JN 1 — Cj 


Z.43 (lo) 


p o mt pn p 1 A 
Co — JN2 — C12 — C14 


1 /O.O (Z) 


U / — Col — JN 1 — CI 


— oo.U (Z J 


r^i mo rn pi/i 
COl — JNZ — C1Z — C14 


-2.8 (3) 


p.1 P~1 mi pi 
Ul — COl — JN 1 — CI 


A AA /1 A\ 

u.yu (iy) 


pin pii pn mo 
CIO — Cll — C12 — JN2 


A *7 Z/IA 

0.7 (4) 


p.c ( ~ , . \ mi p 1 

Uj — Col — JN 1 — CI 


m i/i /i n\ 

93.24 (19) 


pin pii pn pi/i 

CIO — Cll — C12 — C14 


1 "7A *7 /'"^ 

—179.7 (2) 


C3— Col— Nl— CI 


-175.5 (2) 


Col— C5— C13— C6 


-174.9(2) 


C7— Col— N2— C12 


1.51 (17) 


Col— C5— C13— C8 


2.7 (3) 


Ul— Col— N2— C12 


-88.20 (18) 


N2— C8— CI 3— C6 


173.0 (2) 


C5— Col— N2— C12 


178.85 (19) 


C9— C8— CI 3— C6 


-5.5 (4) 


C3— Col— N2— C12 


88.34(18) 


N2— C8— CI 3— C5 


-4.8 (3) 
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U / — Col — JN2 — Co 


1 *7A 0*7 ( 1 a\ 

-1 /y.o / (ly) 


C9— C8— CI 3— 05 




1 lb. I {2) 


Ul — Col — JN2 — Co 


AA /IT ( 1 Q\ 

yu.4z (lo) 


Col— 07— CI 4- 


-08 




1 /o.4 (Z) 


CO — Col — JN2 — Co 


— z.Di (1 /) 


Col— 07— C14— C12 




-1.7 (3) 


U3 — Col — JN2 — Co 




N2— CI 2— CI 4— 08 




1 nn n (n\ 
— 1 / 1.1 (2) 


C5 — JN 1 — C 1 — C2 


1 ^ ( A\ 

-1.2 (4) 


Cll— C12— C14— 08 




3.1 (4) 


COl — JN 1 — CI — C2 


1 T/i *7 

1 /O. / \L) 


N2— C12— C14- 


-07 




2.9 (3) 


r*z xti r^i r^*; 
Cj — JN 1 — CI — Co 


1 /o.o (2 j 


Cll— C12— C14— 07 






COl — JN 1 — CI — Co 


-3.2 (3) 


C20— CI 5— CI 6— C17 




A "7 ( A \ 

-0.7 (4) 


JN 1 — C 1 — C2 — C3 


1.0 (4) 


N3— C15— C16— C17 




1 nn z f~i\ 
1 / / .J {I) 


Co — C 1 — C2 — Cj 


1 *7 A A /I \ 

—i /v.u (3) 


C15— C16— C17- 


-C18 




A C ( A\ 

0.5 (4) 


r^i r^T r^i f^A 
C 1 — C2 — Cj — C4 


A 1 

0.1 (5) 


C16— C17— C18- 


-C19 




a n s a\ 

0.2 (4) 


C2— C3— C4— C5 


-1.1 (5) 


C17— C18— C19- 


-C20 




-0.9 (4) 


CI— Nl— C5— C4 


0.2 (4) 


C17— C18— C19- 


-N4 




-179.3 (2) 


Col— Nl— C5— C4 


-177.8 (2) 


C16— CI 5— C20- 


-C19 




0.1 (4) 


CI— Nl— C5— C7 


176.9 (2) 


N3— CI 5— C20— C19 




-178.1 (2) 


Col— Nl— C5— C7 


-1.0 (3) 


CI 8— CI 9— C20- 


-C15 




0.7 (4) 


i^j — L>t — — JN i 


l.U (4) 


N4— CI 9— C20— C15 




1 70 i 

i /y.z yz, ) 


Hydrogen-bond geometry (A, °) 












D—H-A 


D—H 


H-A 




D—A 


D—H-A 


CIO— H10-O3' 


0.93 


2.57 




3.311 (3) 


136 


C18— H18-08" 


0.93 


2.47 




3.099 (3) 


125 


09— H9A -03 


0.86 (4) 


1.97(4) 




2.789 (3) 


160 (3) 


09— H9B-O10 


0.76 (3) 


2.07 (3) 




2.833 (4) 


176 (4) 


010— H10A-O6' 


0.81 (6) 


2.10(6) 




2.913 (4) 


173 (5) 


010— H10B-O11 


0.80 (5) 


1.97 (5) 




2.764 (5) 


170 (5) 


Oil— H11A-08 


0.97 (5) 


1.84 (5) 




2.746 (4) 


153 (4) 


Oil— H11B-013'" 


0.86 (5) 


2.08 (5) 




2.907 (4) 


161 (5) 


012— H12A-O10 


0.93 (7) 


2.03 (7) 




2.946 (5) 


171 (5) 


012— H12B-02 iv 


0.73 (5) 


2.09 (5) 




2.786 (4) 


161 (5) 


013— H13A-012 


0.86 (3) 


1.95 (3) 




2.805 (4) 


176 (5) 


013— H13B-05 V 


0.78 (5) 


2.13 (5) 




2.873 (3) 


161 (5) 


N3— H3A-04 m 


0.87 (4) 


1.93 (4) 




2.791 (3) 


169 (3) 


N3— H3B-07 


0.96 (4) 


1.78 (4) 




2.714 (3) 


163 (3) 


N3— H3C-013 m 


0.98 (4) 


2.04 (4) 




2.890 (4) 


144(3) 


N3— H3C-09 m 


0.98 (4) 


2.29 (4) 




2.899 (3) 


120 (3) 


N4— H4A-09 


0.89 (4) 


1.97(4) 




2.844 (3) 


168 (4) 


N4— H4B-02 iv 


0.90 (4) 


1.87 (4) 




2.752 (3) 


166 (3) 


N4— H4C-06 V 


0.88 (4) 


2.00 (4) 




2.873 (3) 


175 (3) 



Symmetry codes: (i) -x+1, -y+2, -z+1; (ii) x-1/2, -y+3/2, z-1/2; (iii) x+l,y, z; (iv) -jc+3/2, jM/2, -z+1/2; (v) -x+1/2, >>-l/2, -z+1/2. 
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